Background. Chinese herbal medicine (CHM) has been used in the treatment of chronic heart failure (CHF) for a long time. Treatment based on syndrome differentiation and the main characteristic of TCM is the fundamental principle of TCM practice. In this study protocol, we have designed a trial to assess the efficacy and safety of CHM on CHF based on syndrome differentiation. Methods/Design. This is a three-stage trial of CHM in the treatment of CHF. The first stage is a literature review aiming to explore the common syndromes of CHF. The second is a multicentral, randomized, placebo-controlled trial to evaluate the efficacy and safety of CHM for the treatment of CHF. The third is a multicentral, randomized controlled clinical trial aiming to make costeffectiveness analysis and evaluate the feasibility, compliance, and universality of CHM on CHF. Discussion. This trial will evaluate the efficacy, safety, feasibility, compliance, and universality of CHM on CHF. The expected outcome is to provide evidence-based recommendations for CHM on CHF and develop a prescription of CHM in the treatment of CHF. This trial is registered with NCT01939236 (Stage Two of the whole trial).
Background
Heart failure, as the final stage of cardiac diseases, is an abnormality of cardiac structure or function. This would lead to the failure of the heart to deliver oxygen at a rate commensurate with the requirements of the metabolizing tissues, despite the normal filling pressures or increased filling pressures [1] . In addition, according to the character of the clinical manifestation, HF is divided into acute and chronic HF. In 2003, a random sample survey of 15,518 urban or rural residents from 35 to 74 years old was made in China: the prevalence rate of heart failure was 0.9%, and according to the result there were approximately 4 million HF targets in China [2] . The diagnosis and treatment of cardiovascular disease (CVD) have developed quickly in the past several decades. The mortality of CVD has fallen down, except for HF. Annual hospital discharge in subjects with a primary diagnosis of HF has been rising steadily since 1975. And now it has exceeded 1 million discharges per year, though they may at last be leveling off in the United States [3, 4] . It can be expected that the incidence of HF in China will be in a significantly increasing trend, and the number of CHF patients will increase in the future.
According to the guideline, the conventional therapeutic approaches in HF management are angiotensin-converting enzyme inhibitors (ACEIs), -adrenergic blockers, and diuretics [5] . However, side effects, such as electrolyte, fluid depletion, and hypotension, are common during the treatment with western medicine [6] . Therefore, CHM, as an alternative medicine, has been considered the treatment of CHF with lower cost and fewer side effects. In China, CHM has been used in the treatment of diseases for thousands of years. Treatment based on syndrome differentiation is the main characteristic and therapeutic rule of TCM. Syndrome differentiation is the comprehensive analysis of the clinical information gained by the four main diagnostic TCM procedures-observation, listening, interrogation, and pulse-taking, and it is used to guide the choice of treatment by CHM. Many clinical studies [7] [8] [9] have shown the efficacy of CHM on CHF. But in these studies, the syndrome of the CHF patients was stationary, and the formulation of CHM was in the form of capsule or injection. They may not completely reflect the efficacy of CHM in the treatment of CHF based on syndrome differentiation. This trial aims to evaluate the efficacy and safety of CHM in the treatment of CHF based on syndrome differentiation.
Objectives
The objective of this trial is to assess the efficacy and safety of CHM on CHF based on syndrome differentiation and to develop a prescription of CHM in the treatment of CHF which could be generally used in community health service centers.
Methods

3.1.
Design. This is a three-stage, multicentral clinical trial in the treatment of CHF. The first stage is a literature study and aims to explore the common syndromes of CHF. The second stage is a multicentral, randomized controlled clinical trial with double-blinded method and aims to evaluate the efficacy and safety of CHM based on syndrome differentiation. The third stage is a multicentral, randomized controlled clinical trial and aims to make cost-effectiveness analysis and evaluate the feasibility, compliance, and universality of CHM on CHF based on syndrome differentiation. the disagreements still could not be resolved, we invited related experts for identification.
Selecting the Content of Related Literatures. We selected records of CHF and syndromes and related information.
The Processing Methods of Selected Records. We picked out TCM syndromes, symptoms, and signs in records and attached the related information, such as paper title, journal name, issue number, page count, and author. All data were input into database established with Epidata 3.0. The frequency of common syndromes and symptoms was analyzed. We encoded these common syndromes and symptoms and regulated the related TCM terms. We unified the TCM names or aliases with the same meaning but different expression into uniform names.
Summarizing and Classifying the Findings of Literatures.
We summarized the clinical characteristics and distribution of CHF common syndromes from the results of searched records. There were 1432 literatures with full text search in three databases. According to inclusion and exclusion criteria, we selected 176 literatures from the three literature databases. According to Clinical Terminology of Diagnosis and Treatment for Traditional Chinese Medicine-Syndrome Section and Pharmacy Terminology of Traditional Chinese Medicine, with the suggestion of experts, we standardized all symptoms and syndromes of CHF. There were twelve symptoms with more than 100 repetitions after standardization, which were shown in Table 2 . The top six symptoms are yang deficiency, qi deficiency, blood stasis, water retention, yin deficiency, and turbid phlegm, which were shown in Table 3 [10] . Combined with the literature review and experts' suggestions, we decided to make qi deficiency, blood stasis, yang deficiency, and water retention as objects for the further trial of Stages Two and Three.
Stage Two.
The second stage of this trial was a multicentral, randomized clinical trial with placebo-controlled and double-blind methods. Figure 2 shows the trial flowchart. 
Diagnostic Criteria
Diagnostic Criteria for CHF. Diagnostic criteria were as follows: (1) If there was any violation of those criteria, the subject could not participate in this research.
Exclusion Criteria for Participants. Patients would be excluded if they met one of the following criteria.
(i) Patients with one of the following diseases: (1) acute valvular heart disease; (2) pericardial disease; (3) cardiomyopathy; (4) congenital heart disease; (5) acute myocardial infarction (AMI) within four weeks; (6) cardiac shock; (7) acute myocarditis or serious arrhythmia with variation in hemodynamics.
(ii) Patients who suffer from pulmonary artery hypertension caused by cor pulmonale, pulmonary embolism, or stroke within a half year.
(iii) Patients who suffer from serious hepatic insufficiency (the index of liver function being 2 times the normal one), renal insufficiency (Ccr > 20%, Scr > 3 mg/dL, or 265 mol/L), diseases of blood system, malignant tumor, diabetes mellitus with serious complications, hyperthyrea, or hypothyrea.
(iv) Patients who suffer from infection, fever, or patients meeting one of the following criteria: the numeration of leukocyte being more than 10 × 10 9 /L, the percentage of neutrophil granulocyte being more than 85%; patchy shadows in X-ray of chest. Sample Size. The sample size calculation is based on prophase clinical study (31 cases, 13 in CHM group and 18 in placebo group), standard deviation of experimental group ( ) = 25.84718, standard deviation of control group ( ) = 32.54499, mean of experimental group ( ) = 39.07692, mean of control group ( ) = 32.54499, and the number of control group ( ) = 1. The following formula is used to calculate the sample size:
The estimated number of subjects in each group was 98.18012, and 196.36024 subjects are needed in two groups. The number was increased to 215.18012 assuming a maximum dropout rate of less than or equal to 10%, and a total of 220 subjects were included (110 subjects in each group).
Randomization. A total number of 220 participants were randomly assigned with a ratio of 1 : 1 to CHM or placebo group according to random number sequence. Stratified blocked randomization was taken to insure the balance of two groups.
Blinding. In this stage, the double-blind design was used. Drugs for CHM and placebo groups were prepared and provided by Beijing Kangren Tang Pharmaceutical Co., Ltd. (Beijing, China). In CHM group, drugs of four syndromes (qi deficiency, blood stasis, water retention, and yang deficiency) were prepared, while the placebo was provided in the same character, smell, and weight as the drugs for CHM group. Drugs of each syndrome were prepared as granules without decoction. The CHM drugs and placebo were numbered according to a random figure table which was blinded to both the doctors and the patients. Participants were provided with CHM or placebo based on their syndrome differentiation at the beginning and two weeks later. They took CHM or placebo twice per day for four weeks. Interventions. According to the guideline for chronic heart failure [5] , standardized western medicine treatment, such as angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin-receptor blockers (ARBs), -blockers, and diuretics, could be used for patients in CHM and placebo groups as basic therapy. The dosages of all medicines used are following the guideline for CHF [5] .
The recipe for qi deficiency was composed of Astragalus membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao (huangqi, 60 g) and Codonopsis pilosula (Franch.) Nannf. Table 6 lists the names of the CHM drugs in Chinese and English. All CHM herbs were verified by high-performance liquid chromatography (HPLC).
Patients in placebo group received placebo which was the same in shape, size, taste, weight, and package as CHM granules. CHM drugs and placebo were prepared as granules. Granules quality met internal control standards of Beijing Kangren Tang Pharmaceutical Co., Ltd. (Beijing, China), and complied with GMP (Good Manufacturing Practice) standards. Patients were treated with CHM or placebo granules twice per day for four weeks based on syndrome differentiation.
Participants were prohibited from taking other Chinese medicine during the treatment period.
The drugs for the treatment of hypertension (HBP), diabetes mellitus, dyslipidemia, and other diseases could be used reasonably. And the reason, name, and dosage should be recorded in detail.
Outcome Measurements. The primary outcome measure was left ventricular ejection fraction (LVEF). Secondary outcome measurements were 6-minute walk test (6MWT), traditional Chinese medicine syndrome scores, and New York Heart Association (NYHA) functional classification. Side effects were to be monitored during the trial period. Many biological indicators (blood routine examination, liver function, kidney function, and ECG) were tested before and after the treatment. The timeline of participants through Stage Two is shown in Table 4 . Statistical Analysis. Data were analyzed on the Intentionto-Treat (ITT) analysis and the per-protocol set (PPS) for coherence. The basic characteristics were compared with independent samples -test for continuous variables and chisquare analyses for categorical variables. Repeated-measure ANOVA was used for the evaluation of the primary and secondary outcomes. The measurement data were expressed as mean ± standard deviation for us to check the data of all groups with normal test and homogeneity of variance test. Results were shown with 95% confidence intervals (CIs). The level of significance was set at 0.05. If < 0.05, there were statistical differences. All tests were 2-tailed.
Stage Three.
If the efficacy of CHM on CHF is better than placebo in Stage Two, we will conduct Stage Three to evaluate the feasibility, compliance, and universality and make cost-effectiveness analysis of CHM on CHF based on syndrome differentiation. A flowchart of the third stage is shown in Figure 3 .
Diagnostic Criteria
Diagnostic Criteria for CHF. Diagnostic criteria are the same as those of Stage Two.
Diagnostic Criteria for TCM Syndrome Differentiation. Diagnostic criteria were the same as those of Stage Two.
Inclusion Criteria for Participants. Patients who accorded with diagnostic criteria were potentially eligible for the study if they met the following criteria.
(i) The primary heart disease is CHD (with diagnosis for CHD confirmed by coronary angiography, coronary computed tomography, history of acute myocardial 6
Evidence-Based Complementary and Alternative Medicine infarction, limb-salvage Q wave for electrocardiogram (ECG), ECG test, radionuclide examination support, etc.). The included patients also had no history of hypertension or taking antihypertensive drugs, with a blood pressure under 160/100 mmHg.
(ii) With a history of CHD, the following symptoms and signs were observed: difficult breathing, fatigue, and fluid retention (edema), with left ventricular enlargement, along with increasing of left ventricular end systolic volume and LVEF ≤ 50%, with NYHA cardiac function II or III.
(iii) Male or female patients should be between 40 and 75 years old.
If there is any violation of those criteria, the subject could not participate into this research.
Exclusion Criteria for Participants. Exclusion criteria were the same as those in Stage Two.
Sample Size. This design in this stage is to show the superiority of TCM based on syndrome differentiation. The ratio in this stage is 1 : 1. The sample size calculation is based on LVEF of Stage Two. To calculate the sample size, we will use the following formula ( = 2):
And the maximum dropout is 10%.
Randomization. All participants in this stage will be randomly distributed to CHM or placebo group according to random number sequence.
Setting. In this stage, five or more centers will take part in the trial.
Interventions. Besides standardized western medicine treatment, participants in CHM group will receive CHM based on syndrome differentiation. Control Group will receive standardized western medicine only. CHM granules will be prepared as in Stage Two.
Outcome Measurements. In this stage, the primary outcome measurement is LVEF. Secondary outcome measurements are 6MWT, TCM syndrome scores, and NYHA functional classification. Meanwhile, the feasibility, cost-effectiveness analysis, compliance, and universality will be evaluated or performed. Feasibility and universality investigation of this research will be executed by the questionnaire of doctors and patients; compliance evaluation will be executed by the ratio between the actual amount of medication and the supposed amount in CHM group; cost effectiveness will be conducted by the ratio between the different improved condition of LVEF and treatment costs. Side effects will be monitored during the trial period. Biological indicators (blood routine examination, liver function, kidney function, and ECG) will be tested before and after the treatment. The timeline of participants through Stage Three is shown in Table 5 .
Statistical Analysis. Data will be analyzed on the Intentionto-Treat (ITT) analysis and the per-protocol set (PPS) for coherence. The basic characteristics will be compared with Evidence-Based Complementary and Alternative Medicine 7 independent samples -test for continuous variables and chisquare analyses for categorical variables. The measurement data will be expressed as mean ± standard deviation for us to check the data of all groups with normal test and variance homogeneity test. The changes in measurement data between baseline and the assessment for four weeks will be performed with independent samples -test. The categorical variables will be compared with chi-square analyses. Safety analysis will be conducted. Results will be shown with 95% confidence intervals (CIs). The level of significance will be set at 0.05. If < 0.05, there will be statistical differences. All tests will be 2-tailed.
Ethical Issue of Stages Two and Three.
The trial is conducted according to the guidelines of the Declaration of Helsinki and is approved by the Ethics Committee of Dongfang Hospital Affiliated to Beijing University of Chinese Medicine (number 201002102). All participants have been asked to provide informed consent before participating in the trial.
Quality Control of Stages Two and Three.
Research workbook will be formulated. Before the beginning of this stage, all investigators will be trained and tested according to conformance standard. Drugs in this trial will be identified by pharmaceutical manufacturing sector and prepared in accordance with national technical standards procedures. Drugs will be marked only for clinical trial, which cannot be sold. The investigators in clinical centers will take charge of the usage of drugs. The usage record of drugs should include the following information: quantity, shipment, delivery, acceptance, distribution, recycling, and destruction.
In order to achieve the same detection methods, the physicians for 6MWT evaluation and echocardiography will be trained together. Clinical research associates will test the research progress of all clinical centers.
Discussion
CHF is a major public health problem all over the world. Western medicine has been used widely but has many common side effects [6] . In China, the integrated traditional and western medicine has been used for the treatment of CHF for a long time, and its efficacy has been seen in many clinical trials [13] . However, there is insufficient evidence to support the efficacy of CHM based on syndrome differentiation.
In TCM, patients are treated with different therapies based on their syndrome differentiations. Therefore, the key factor of this trial is to find out the common syndromes of CHF patients. At the first stage, we searched the most common syndromes. This is the first randomized clinical trial on CHF with CHM based on syndrome differentiation. The aim of this trial is to develop a prescription of CHM in the treatment of CHF which could be used in community health service centers. So in Stage Two, we tested the efficacy and safety of CHM on CHF with a double-blind, randomized, placebo-controlled clinical trial. In Stage Three, we will test the feasibility, costeffectiveness analysis, compliance, and universality of those CHMs, which have showed positive sign in efficacy and safety in Stage Two. And finally, according to the result of Stages Two and Three, we will decide whether this CHM treatment proposal for CHF should be generalized in community health service centers or not in the future.
In conclusion, we want to evaluate the efficacy, safety, feasibility, cost-effectiveness analysis, and universality of CHM treatment on CHF based on syndrome differentiation with three stages. The achievement of this trial will provide evidence-based data for CHM, which is helpful for the application of CHM on CHF.
Trial Status. Stages One and Two of this trial have been accomplished. Stage Three will be started in November 2013 and will be completed in September 2014.
